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The purpose for this study was to determine the relationship 
between pulse rate and speed of performance in competitive swimmers 
and to determine x-rfiether the ratio of time/pulse rate was indicative 
of the level of efficiency for the performance.
The goal of competitive swimmers and coaches was to increase 
maximum heart rate and decrease swimming time. Since pulse rate was 
indicative of performance, it was expected that a high level perform­
ance would produce a high pulse rate. The effort involved in swimming 
practice therefore must be maintained at a high level. As a measure of 
performance efficiency, the best performance would produce the lowest 
time/pulse rate ratio.
Although other physiological parameters would expand on this 
hypothesis the scope of the investigation was limited to heart rate 
and time.
A non-probability sample of nine University of North Dakota 
Varsity Swimmers was used in this study.
The test used consisted of: 150 yard freestyle sprint for time 
and a carotid artery pulse taken for 15 seconds immediately after the 
sprint. The test was preceded by a standardized warm-up.
A multiple regression analysis was used to determine the rela­
tionship between pulse rate and time. Also the changes of time/pulse 
rate were shown over the four periods of a competitive season, and how 
they related to the level of efficiency.
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It was concluded that a high negative correlation existed 





It was believed by Mathews (1) that conditioning for competitive 
swimming can be achieved through interval training. According to 
Counsilman (2) and Faulkner (3), competitive swimming was dependent upon 
muscle endurance, strength, and cardiovascular endurance.
Faulkner (3) claimed that muscle endurance, one of the four prop­
erties of muscles, was a prime factor in swimming a distance of 100 yards 
or less or for a time of less than 45 seconds. The other three proper­
ties are strength, elasticity and speed. He also suggested that cardio­
vascular endurance was a limiting factor of performance when distances 
were greater than 100 yards or time was greater than 45 seconds. Of the 
nine individual events in a college dual swim meet, only two of the 
events, the 50 and 100 yard freestyle, are less than 200 yards in dis­
tance and have national records under one minute (4). Thus, cardiovas­
cular endurance was probably the greatest factor affecting competitive 
swimming.
In the two events, the 50 and 100 yard freestyle, a dynamic 
explosive exercise is being performed. A dynamic explosive exercise 
restricts the blood flow through the muscles, therefore, muscle endur­
ance becomes a factor in performance.
Since the rate of muscle contraction is reduced in events of 
100 yards or greater, the blood flow is less restricted. These events
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are more of a dynamic rhythmic exercise x̂ ith a relaxation phase in the 
arm stroke due to the reduction of rate of muscle contractions. The 
contraction and relaxation of the muscles during this type of exercise 
complemented the pumping action of the blood, by the muscles, and thus 
involved cardiovascular endurance.
Pacing in swimming is important, according to Counsilman (2), 
for if a swimmer sprinted the first 100 yards, of a 200 yard swim, he 
would not have the muscle endurance to continue at that pace. At this 
pace, the blood flow 'would be severely restricted for the first 100 
yards, thus one xrould not have the endurance capacity to maintain this 
performance for the second 100 yards. The occlusion of the blood flow 
results in a build up of lactic acid. This build up of lactic acid is 
part of the cause of increased pulse rate and decrease in sxtLmming speed.
Competitive swim coaches have used either swimming speed or 
pulse rate as a measure of improved performance developed by training. 
Training consists of two parts, practice and conditioning.
Practice would be comprised of developing neuromuscular skills 
through repetition and specificity in practice. An example x«)uld be a 
freestyler swimming an entire practice using only freestyle and the 
coach offering constructive criticism. To become efficient in neuro­
muscular skills, one wants to learn how to use a minimal number of 
motor units to execute a desired movement (5), thus using a minimal 
amount of energy to perform the desired task.
Also, in sX'ri.mming a kinesthetic ax^areness is developed in prac­
tice. Kinesthetic awareness refers to the knowledge of the location 
and position of the body parts. This awareness is desirable. To sX'riLm 
efficiently, the swimmer must develop a "feel for the water" in his
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pull to get the maximum amount of propulsion from each arm pull or to be 
mechanically efficient. To do this, a proper arm and body position is 
needed.
Time has been used as the tool for measuring benefits from prac­
tice. As the swimmer becomes more efficient the time required to swim a 
set distance should decrease.
Conditioning would be a combination of developing the four muscle 
properties and the cardiovascular system through interval training. This 
development increases the efficiency and reserve capacity of the skeletal 
muscles and cardiovascular system to do work, such as deliver oxygen and 
remove waste products from the muscles. The reserve capacity allows the 
swimmer to perform at a higher level by providing a greater functional 
reserve of motor units and a greater supply of energy constituents stored 
in the muscles.
Conditioning is measured by pulse rate because as one's condi­
tioning is developed, the pulse rate decreases for a standard work load. 
Increased reserve capacity, use of fewer motor units because of increased 
muscle efficiency, and increased cardiac output are reasons for this 
decrease in pulse rate.
OAccording to Astrand (5), "pulse rate increase is linear with 
the increase in work load." With the onset of exercise there is an 
increase in the rate of blood flow which is caused by the pumping 
action of the contracting and relaxing muscles. The volume of blood 
in the systemic circulation is increased by shunting blood from the 
reservoirs. These blood reservoirs are large storage areas for blood 
such as the veins and splanchnic area. The Bainbridge reflex is 
initiated by these events to reflexly increase heart rate (6) and (7).
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The increased distention of the ventricles caused the increase in the 
contractile force of the heart, which is the application of Starling's 
Law.
The heart rate, which affects cardiac output, does not indicate 
who is most mechanically efficient or fastest. It does show who is 
working hardest, since the swimmer's heart rate is increased by mech­
anisms stimulated by xrork.
A trained athlete is able to do the most work with the least 
energy, thus he would produce the least amount of lactic acid for the 
effort. This means that a swimmer xtfill not get tired as fast as some­
one who performs at a lower level of cardiovascular endurance.
An increase in cardiovascular efficiency permits greater x«)rk 
output without the corresponding reduction of blood flow for a given 
work load. Supposedly, the individuals who take the least amount of 
time to swim a set distance has the greatest muscle efficiency or 
mechanical efficiency. The assumption is that the swimmer x-rho uses 
the least number of motor units would not tire as quickly. This 
assumption does not allow a person to see if one individual works 
harder than the others.
If the performance of a swimmer is judged on time alone, it 
is not possible to know if that swimmer is performing at maximum 
effort, because only his swimming speed has been measured and not 
his cardiovascular performance. Conversely, if the swimming perform­
ance is judged on heart rate alone, the efficiency of the arm stroke 
is not measured, and there is no indication of the changes due to 
increased performance or improvement of mechanical efficiency.
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Cerio (8) and Laxjrence (9) expressed the need for knowledge of 
conditioning for competitive swimming. This knowledge may enable those 
involved to improved swimming even more than in the past. Records in 
swimming have constantly been broken and this alone illustrates that 
swimmers today are not reaching their full capabilities.
By combining the time and pulse ratio to derive an index, a 
coach will have a truer indication of the levening of training and 
performance. This relationship will aid him in planning practices 
on a seasonal and daily basis.
Counsilman (2) claimed good conditioning was something that 
occurred over a long period of time and can be a tedious process.
The measure of time and pulse rate combined shows the swimmer that 
some progression has taken place by the change in this index. How­
ever slight it might be, it would encourage them to continue. Also, 
it is sometimes difficult for a coach to be able to know if individ­
uals are putting forth a "one hundred percent effort." With the use 
of this test, both goals can be attained.
The purpose of this study was to determine the relationship 
between pulse rate and speed of performance in competitive swimmers 
and to determine whether the ratio of time/pulse rate is indicative 
of the level of swim training.
Definition of Terms
Interval Training. Bouts of exercise interupted by controlled 
periods of rest.
Pulse Rate. The number of contractions of the heart each
minute.
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Index. A numerical value derived by dividing time in seconds 
for a 150 yard swim by heart rate.
Carotid Artery. An artery through which blood is carried from 
the heart to the brain, located below the angle of the jaw.
CHAPTER II
METHODS AND PROCEDURES 
Sample
A non-probability sample of the nine University of North Dakota 
varsity swimmers was used in this study. The sample was used for con­
venience. The subjects were swimmers on campus, who were currently 
participating in a season of competitive swimming. They all competed 
in the entire 1974-75 competitive swim season, which started on 
September 23 and ended March 1. All swimmers had participated in 
competitive swimming previously. There was no control over diet, 
daily routine and emotional make-up of the subjects.
The Test Procedure
The test was a 150 yard freestyle sprint for time. A post test 
pulse count was measured for the first 15 seconds after completion of 
the test. The carotid artery was palpated by the swimmer with his hand 
to obtain the pulse rate. The 15 second pulse rate was multiplied by 
four to give the measurement in beats per minute. The time in seconds 
was then divided by the pulse rate in beats per minute. This value was 
then referred to as the index. The time and pulse v/ere the only values 
recorded.
It was then discovered, the performance could judge with greater 
accuracy, by predicting the pulse rate with the use of a regression.
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• The test period started with a standard warm up of controlled 
rest periods and pre-test activity followed by a three minute rest. 
The order of exercise was listed in Table 1.
TABLE 1
PROGRAM OF PRE-TEST ACTIVITY
200 yard freestyle swim
1 minute rest
200 yard flutter kick
2 minute rest
200 yard individual medley
2 minute rest
200 yard freestyle swim
3 minute rest
The purpose for the warm up xras to prepare the subjects as they 
would normally prepare for a meet.
Cerio (.8) stated that a palpated carotid artery has a high posi­
tive correlation with heart rate. The time of 15 seconds was used since, 
according to McArdle (10) and others, a longer period decreased the 
validity of using post exercise pulse rate as a substitute for maximal 
heart rate during exercise.
The subjects were told to select a partner. The test was admin­
istered to txjo groups: one of the partners was tested while the other 
timed him and filled in the score card. The first group did the entire 
test: warm-up, rest, sprint and taking of pulse. When the first group 
was finished, the partners changed positions. The instructions to be 
followed were given to the entire group, before the partners were 
chosen. All instructing and testing were done in the pool area.
9
Equipment and Materials
The equipment necessary to administer the test included a large 
pace clock and several stop watches. The number of stop watches needed 
was dependent on the number of swimmers. One watch was used for every 
two swimmers. The pace clock used for this test was built by the indus­
trial technology department at the University of North Dakota. The pace 
clock used can be seen in Figure 1. The stop watches used for this test 
included two Minerva Split Timers and three Hanhart stop watches.
Fig. 1. Pace Clock Used for Timing Rest Periods.
The purpose of the pace clock was to allow the swimmers to pace 
themselves in the standardized warm-up, as they would in a regular prac­
tice or pre-meet warm-up. It was also used to measure the allotted rest 
periods in the warm-up and betx^een the warm-up and the timed sprint of 
150 yards.
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The stop watches were used by the recorders to time their swim­
ming partners to one-tenth of a second for 150 yard sprint. The times 
were recorded with the pulse rates on a score card (see Appendix A, 
page 21).
Experimental Design
Since this was a non-probability sample, generalizations from 
this test cannot extend beyond this group.
A single group design was used since only one group was used.
It was assumed that all subjects performed at a maximal or near maximal 
level and that all subjects x̂ ere reasonably proficient at the required 
skills. The basic source of error for the design was the within-group 
variance. The xrithin-group variance was due to the difference between 
scores by each of the nine subjects.
The date employed, pulse rate and time, were measured on an 
interval scale.
If the hypothesis which is generally accepted among coaches is 
correct, then as the time decreases the pulse rate increases.
The null hypothesis for this statistical analysis is that there 
is no relationship between the pulse rate, time and index.
CHAPTER III
RESULTS
The relationship of pulse rate and time was determined by a poly­
nomial regression with the use of a RCREG canned program at the University 
of North Dakota computer center. The relationship was significant on the 
fourth test. The null hypothesis was rejected. The significant corre­
lation value for the pulse-time relationship of the fourth test was a 
negative one. Since the scores identified maximum performance inversely, 
the negative correlation indicates improvement in performance for both 
the pulse and time. In conditioning for a maximum performance, it was 
expected that pulse rate would increase and time would decrease. The 
pulse rate increases due to an increased reserve capacity and the time 
decreases as the swimming stroke efficiency and cardiovascular endur­
ance increases.
Table 2, page 12, presents the results of the analysis for pulse 
rate and time over the four tests. The test means were graphically 
illustrated in Figure 2, page 13.
The mean and standard deviation for time reduced from test one 
to test four indicating that the sxtfimmers became more efficient in the 
swimming stroke. The reduced mean indicates improvement in group per­
formance, reduced standard deviation indicates individual improvement.
The decrease of the mean and standard deviation for the pulse 
as well as time from the first to the second test suggests that the
11
TABLE 2
RESULTS OF TEST DATA
Test No. r Item Time Pulse/min. Indices Significant
1 .008 X 106.1 180.0 .596 NS
s 14.47 19.05 .100
2 .478 X 97.6 164.8 .594 NS
s 9.72 13.61 .060
3 .030 X 93.97 189.6 .503 NS
s 8.64 23.83 .090
4 -.817 X 93.50 180.9 .530 .05
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cardiovascular endurance has improved. The increase in pulse in the 
third test showed a higher level of performance or a decrease in car­
diovascular endurance. The decrease of the pulse mean and standard 
deviation of the fourth test indicated an increase in cardiovascular 
endurance.
The indices calculated by dividing the time in seconds by the 
pulse, were of no value due to the complexity of the ratio of time and 
pulse rate. In all cases the pulse rate was larger than time which 
put greater emphasis on pulse rate than time. To have an equal balance 
the change would have had to be proportionate for pulse rate as for 
time. This proportion could not be a one-to-one proportion as pulse 
is greater than time.
It was decided that the performance could be judged best with 
the use of a regression as opposed to the index. This method was used 
to predict the pulse rate from the performance time. If the predicted
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pulse rate was lower than the actual pulse rate then the subject must 
not have been training hard enough in practice. If the predicted 
pulse rate was higher than the actual pulse rate, then the subject 
did not perform to his maximum capacity. If both pulse rates were 
about equal, the subject had trained hard in practice and had per­
formed to his full potential.
The predicted pulse rate was calculated from a regression 
equation using time and pulse rate (see Appendix D, page 30). This 
function was most accurate when the correlation of pulse rate and 
time was high.
Subject RB, whose time was 85.6 seconds and whose actual 
pulse rate was 208, had not trained hard enough during practice 
because with the use of the regression. Eis predicted pulse rate 
was 198, which is lower than the actual pulse rate. Subject GP, 
whose time was 97.6 and whose actual pulse rate was 164, did not 
perform to his maximal potential since his predicted pulse rate 
was 172 and higher than his actual pulse rate.
CHAPTER IV
DISCUSSION
When looking at the results on Table 2, page 12, there appeared 
to be some unexpected changes from one text to the next. These four 
tests were administered at four different times throughout the compe­
titive season. Since the first test was administered on the first day 
of practice, in the middle of September, most of the subjects had not 
done much training for quite some time and were in rather poor cardio­
vascular condition. The second test was administered in the middle of 
December, after three months of hard training. During this time, the 
swimmers stroke efficiency improved and was probably the most signifi­
cant factor affecting the drop in time. During each practice session, 
constructive criticism was offered to aid in mechanical efficiency.
This increase in mechanical efficiency allowed the swimmers to swim 
using less energy. Also as they repeated the movements involved in 
the stroke, their muscles became more efficient. This increase in 
muscle efficiency allowed the swimmer to do the same work using few 
motor units, thus, decrease the amount of work in swimming which 
allowed for a decrease in the pulse rate.
These changes agree with Astrand (5) in that practice produces 
an increase in mechanical and muscular efficiency and conditioning 
increases cardiovascular endurance. Faulkner (11) also agreed that 
a physiological improvement is brought about by conditioning.
15
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Astrand (12) also stated that increased functional dimensions were found 
in those trained for competitive swimming as opposed to those who did not 
participate in sports.
The second test showed a decrease in performance by the lower 
heart rates, indicating that the subjects were probably mentally pre­
occupied with their final examination. This would account for the drop 
in pulse and effort.
Since both the pulse and time drop, it was assumed that there 
was an increase in cardiovascular endurance. Over three months of 
training some increase of cardiovascular endurance should take place.
It was felt that there could have been an even greater change had the 
subject not been concerned with exams.
The third test was administered during the Christmas vacation 
and after a two week lay off from training. This two week lay off 
could have had a psychologically stimulating affect and thus account 
for the increased effort in the third test. This is illustrated by 
the increase in pulse rate. This increased effort could have been 
the reason for the decreased time. This corresponds with the hypoth­
esis stated in Chapter I.
The fourth test was administered during the last week of 
February after a five month training period, interrupted by only two 
weeks in December. The decrease in performance may be caused by a 
slight depression of a five month training period. Since there was 
only a slight change in time and a rather large drop in pulse, an 
increase of cardiovascular endurance over the last training phase
was evident.
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This last training phase was the only one which brought about a 
significant correlation between pulse and time. The relationship of 
pulse and time altered from an extremely poor positive correlation to 
a highly significant negative one in the fourth test.
It was felt that as the level of conditioning improved the sig­
nificance of the pulse and time relationship increased. If this was 
true the index could hold some potential for sxi/immers once they are 
conditioned.
The high standard deviation for pulse of 21.89 could have been 
created by the subjects TO and GP, whose pulse rates were 136 and 164 
respectfully. Without these low pulse rates the standard deviation 
would be considerably low and the correlation of pulse rate and time 
would have been higher.
The fact that all swimmers may not have reached their maximal 
level of performance simultaneously may have resulted in a low sig­
nificant relationship.
Judging from the results of this study, it would appear that 
the hypothesized relationship of pulse and time is only true toward 
the end of the training season. Since an untrained state is unstable 
compared with the trained response which is stable, only in well- 
trained athletes would the pulse rate rise as the time decreases.
Thus, the index developed from the variables of pulse and time was 
found to be of no value. Since the values for pulse were so much 
greater than the values for time, there was greater emphasis placed 
in the pulse than on time when developing the index. Equal changes 
in time and pulse could only give fractional changes of the index.
If a subject started with a pulse of 180 and a time of 90 seconds,
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his index xrould have been .50. If his time increased by 10 units and 
pulse remained the same, his index xjould have then been .56, an increase 
of .06. If his pulse was increased by the same 10 units but his time 
remained at 90 seconds, his index would have been .47, a decrease of 
only .03. It was because of this unequal change brought about by the 
imbalance of time and pulse that make the indices of little value.
It was decided that using a regression equation would be of 
more use for judging performance than the index. With the use of a 
regression equation, time could be used to predict the heart rate.
The fluctuation of the actual heart rate from the predicted heart 
rate would indicate the quality of the performance and the training.
CHAPTER V
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
Summary
Nine varsity swimmers from the University of North Dakota were 
tested four times through the course of a competitive season. The 
tests measured time and pulse resulting from performance of a 150 yard 
freestyle swim. The time and pulse were analyzed to determine if there 
was an existing relationship. A significant negative correlation 
between time and pulse x̂ as found only in the fourth test.
The time and pulse was also used to develop an index. The pur­
pose of this index was to be used in judging the individual performance. 
The index was found to be of little value.
It was noted that a regression equation for predicting heart 
rate from time would be more useful than the indices.
Conclusions
The first, second and third tests were found to yield no sig­
nificant relationship between time and pulse. A high negative corre­
lation existed between the time and pulse in the fourth test, after a 
5 month training program. Therefore, time and pulse had little sig­




The following recommendations were suggested:
1. A similar test be administered to a larger group of subjects 
picked at random.
2. Further studies be made in the area to equalize the balance 
of time and pulse for the development of a useful index.
3. Consideration be given to the use of percentage change from 






Test No._____________________  Date _____________
NAME TIME PULSE RATE INDICES
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Subj acts Time Pulse/Min. Indices
G.P. 100.9 180 .548
M.S. 97.9 160 .612
D.L. 105.2 144 .731
W.H. 141.5 184 .769
J.K. 104.8 190 .552
L.H. 91.8 208 .441
G.S. 112.2 196 .572
R.B. 97.4 180 .541
D.W. 103.4 174 .594
TABLE 4
TEST 2 RESULTS
Subjects Time Pulse/Min. Indices
G.P. 95.6 174 .549
M.S. 89.3 150 .595
D.L. 100.6 140 .719
W.H. 112.0 180 .622
J.K. 92.7 160 .579
L.H. 87.1 170 .512
G.S. 114.0 180 .633
R.B. 89.6 160 .560




Subjects Time Pulse/Min. Indices
G.P. 95.4 208 .459
M.S. 88.5 208 .425
D.L. 93.5 174 .537
W.H. 109.6 200 .543
J.K. 97.0 136 .713
L.H. 85.6 204 .421
G.S. 104.3 204 .511
R.B. 87.4 196 .446
D.W. 84.4 176 .480
TABLE 6 
TEST 4 RESULTS
Subj ects Time Pulse/Min. Indices
G.P. 97.6 164 .595
M.S. 87.9 192 .458
D.L. 97.2 180 .540
W.H. 107.0 136 .787
J.K. 90.3 172 .525
L.H. 85.2 196 .435
G.S. 104.6 180 .581
R.B. 85.6 208 .412
D.W. 86.8 200 .434
APPENDIX C
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The following equation was used to predict pulse rates:
predicted pulse rate=intercept-regression coefficient x actual time
TABLE 7






G.P. 97.6 164 172
M.S. 87.9 192 193
D.L. 97.2 180 173
W.H. 107.0 136 152
J.K. 90.3 172 188
L.H. 85.2 196 199
G.S. 104.6 180 157
R.B. 85.6 208 198
D.W. 86.8 200 196
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